Introduction

42
The ability to delay gratification may be crucial for exerting self-control in a tempting food 43 environment. The conflict between the delayed rewards of good health and weight 44 maintenance versus the immediate reward of tasty foods is a dilemma well captured by the 45 delay discounting task [1] . Typically, participants are presented with a choice between a 46 small reward available immediately, or a larger reward available after a delay. Several trials are presented over a number of delay periods and an indifference point (IP) is calculated as reactivity, determined a vulnerability to over eating and higher BMI [22] . Hence, outcome 89 behaviour in the delay discounting task may relate to activity in the reward system and the 90 executive system. In support of this idea, Lopez et al [23] reported that NAcc activity in 91 response to food cues predicted subsequent food desire and consumption over a week long 92 period, but this was moderated by inferior frontal gyrus activity in a self-control task. Reward 93 sensitive individuals displaying greater activity in this frontal region at baseline were more 94 able to resist strong food temptations than those who showed lower activity. This evidence 95 supports a dual-process approach to overeating and obesity [24] .Consistent with this, 96 neuroscientific evidence indicates that discounting is sensitive to two separate considerations 97 -time delay and reward magnitude, corresponding to PFC and Ventral Striatum (in particular 98 NAcc) activity respectively [25] [26] [27] . Thus the one parameter hyperbolic model may not be as 99 appropriate as a dual-parameter model, which is more in line with obesity related empirical 100 research evidence and neuropsychological theory. Therefore a novel two-parameter model that is consistent with evidence and theory is put 114 forward. The saturating-hyperbolic model [33] is based on the premise that everyday decision 115 making is difficult because decisions can result in rewards of different amounts at different 116 timings. Within a delay discounting paradigm, the choice outcome behaviour is therefore 117 dependent upon both temporal discounting and reward utility. This model has two free 118 outcome parameters, k and Q, proposed to represent these processes respectively and is 119 calculated using the equation:
Where: V = Indifference Point (IP); A = Larger later reward; k = hyperbolic temporal 121 discounting parameter; d = delay (days); Q = reward utility parameter.
122
The k parameter reflects the extent to which an individual discounts rewards over time. This 123 is identical to the single parameter hyperbolic function k and represents the relative steepness 124 of discounting at proximal versus distal delays. It is theorised to represent the ability to seen as a 'flattening' of the discounting curve where there is an immediate drop in where the 137 curve starts on the y-axis. The larger the Q value, the larger the 'drop' and therefore the 138 greater the emphasis on receiving the reward immediately.
139
To sum up, Q is theorised as a related yet distinct process to k, where the k parameter is a 140 measure of 'temporal discounting' and is theorised to represent the ability to imagine the 141 future and the Q parameter is a measure of reward utility, theorised to represent the impulsive The single parameter (k), and two-parameter (Q and k (satk)) curves were fit to data from 255 each participant and to the mean indifference points for the lean and overweight/obese groups 256 for descriptive purposes (see Figures 1 & 2 respectively) . The saturating-hyperbolic shows a 257 visually superior fit to data (especially at the shorter delay periods) and has a markedly 258 improved R 2 value for both weight groups. However, for a valid comparison, the SSR, RSSR 259 and RMS (RSSR) were calculated for both models for each participant. although there were no significant differences (p>.05) there was a trend for the 288 overweight/obese group to be older and include more males (p<.10). Therefore, the 289 comparison was also run using ANCOVA, controlling for age and gender, however the 290 outcomes did not change significantly. The overweight/obese group still showed significantly 291 higher discounting rates than the lean group (F(1,75)=7.09; p=.009).
292
As a result of the significantly skewed nature of the satk and Q values, and the fact that log 293 transformation did not correct this, non-parametric tests were applied to the data. Delay discounting has been related to obesity and has typically been modelled using a single 308 hyperbolic parameter (k) representing the relative steepness of temporal discounting. model showed a superior 'goodness of fit' to current discounting data and has therefore been 316 shown to be a more accurate model of discounting behaviour in the current population.
317
The almost perfect correlation between the one parameter k value and the satk value indicates 318 that both parameters are measuring the same process and are therefore directly comparable.
319
The more modest correlations between k and Q indicate that Q is measuring a related but 320 distinct process to k. The parameters from both models were shown to be significantly higher 321 in overweight/obese versus lean participants. This supports previous findings using the single 322 parameter model, that delay discounting is an important component of obesity 323 [3, 4, 6, 7, 8, 10, 11] , but shows for the first time that the saturating-hyperbolic model is not only a better fit to data but maintains sensitivity to these differences. It is therefore a valid model food is a reinforcer but also the degree of impulse control a person has. A strong motivation 347 for food, measured using the Relative Reinforcement Value (RRV) of food task, has been 348 shown to predict BMI and intake particularly in those who discount the future more steeply 
